IHS Markit Disclaimer
The IHS Markit information referenced herein (the "IHS Markit Materials") are the copyrighted property of IHS Markit (www.ihs.com) and represent data, research, opinions or viewpoints published by IHS Markit, and are not representations of fact. The IHS Markit Materials speak as of the original publication date thereof (and not as of the date of this document). The accuracy and completeness of IHS Markit Materials are not warranted, nor are the opinions and analyses which are based upon it. To the extent permitted by law, IHS Markit shall not be liable for any errors or omissions or any loss, damage or expense incurred by reliance on the IHS Markit Materials or any statement contained herein, or resulting from any omission. No portion of the IHS Markit Materials may be reproduced, reused, or otherwise distributed in any form without the prior written consent of IHS Markit. Content reproduced or redistributed with IHS Markit permission must display IHS Markit legal notices and attributions of authorship. IHS Markit and the IHS Markit logo design are trademarks of IHS Markit. Other trademarks appearing in the IHS Markit Materials are the property of IHS Markit or their respective owners I mproving access to reliable, modern energy is among the highest priorities of Eastern African countries' economic growth plans and energy strategies. In particular, developing access to electricity -including in rural areas -is the cornerstone of most strategies. On average, only 35 percent of the population in sub-Saharan Africa (SSA) has access to electricity; lower than any region in the world including developing Asia, the Middle East and Latin America. In the group of nine Eastern African countries considered, only South Africa and Kenya are above this average, while most countries have a rate below 20 percent. This implies that the majority of the population still has to meet its primary demand for cooking and lighting from unsustainably harvested biomass. The process of fuel collection is also time-consuming and comes at the expense of education and income generation (IEA 2006, 419) .
The paradox is that, against this bleak demand picture, Eastern Africa is endowed with large energy resources ranging from oil, gas, uranium and coal to a variety of renewable energy sources, including solar, hydro, wind and geothermal. In theory, these resources should be sufficient to meet a large part of the region's energy needs, contributing not only to the development of power generation but also to that of other sectors such as the industrial and transportation sectors. However, as of 2017, most of these resources are largely underdeveloped, except for coal and uranium in South Africa and some hydro potential.
Low electricity access finds its roots in many issues, including a slow development of power capacity due to lack of investments, high technical losses and theft, difficulty covering the cost of electricity for utilities, high electricity tariffs in some countries, and the poor financial health of utilities. This is compounded by specific issues experienced in each region, such as low incomes, the large size of the countries, the remoteness of some energy resources from demand centers, and high rural populations. Energy efficiency also poses a challenge: on the supply side from low-efficiency power plants, and on the demand side from issues such as inefficient transport fleets and industrial processes. Deployment of prepaid meters to households has increased electricity access in Eastern Africa. Almost all countries in the region have programs in place to support this initiative. It makes it easier for utilities to collect revenue, reduces connection costs and manages demand for consumers.
While industries linked to the agriculture sector (agro-processing) have an important role in many countries, the transport and industrial sectors are also key drivers of the economic development of Eastern Africa. These sectors need energy to develop. The total energy use in transportation in all nine countries accounts for only 10 percent of their total energy consumption. Africa's road infrastructure is quite underdeveloped. Under 20 percent of roads are currently paved, and many roads are in poor condition. Thus public and nonmotorized transport are widely used. Some energy strategies of the countries studied suggest plans to expand mass transportation, including trains and buses. However, these initiatives may face some of the challenges experienced by countries trying to improve electricity access, including limited financial capacity and the need to implement policies to satisfy all stakeholders. Meanwhile, natural gas discoveries may open the door to industrial development.
Eastern Africa's Energy Profile

A low energy demand dominated by biomass
Like the rest of Africa, Eastern Africa (defined in this paper to include Burundi, Ethiopia, Kenya, Malawi, Mozambique, Rwanda, South Africa, Tanzania, and Uganda), is rich in energy resources, but their development has been lagging (IEA 2014) . The region represents 2.9 percent of the world's energy demand and 4.9 percent of the world's population as of 2015 (United Nations 2017). In comparison, North America with about the same population consumes roughly 20 percent of the world's energy demand. Excluding South Africa, the energy picture is even more striking: the eight remaining countries represent 4.2 percent of the global population but only 1.3 percent of energy demand. To put this in perspective, Figure   1 shows how low Eastern Africa's primary energy consumption is compared to individual countries. South Africa's primary energy consumption skews the averages of the rest of Eastern Africa: without South Africa, the remaining eight countries consume less energy on a per capita basis than other countries in the African continent.
Due to population and economic growth in the region, energy demand grew from 7,850 Petajoules (PJ) in 2000 to 11,301 PJ in 2015 . Despite what appears to be healthy growth (44 percent over 15 years), it was actually similar to the increase in the world's energy demand (37 percent) and also the region's population growth (44 percent) (United Nations 2017). This means that, on an aggregated basis, there was little progress to improve the energy demand situation in the region. The evolution of energy demand is far from being Oil products constitute between 8 and 16 percent of total energy demand among all countries in Eastern Africa. They are mostly used in two sectors: transport and power generation, the latter use costly compared to other alternatives. The industrial sector accounts for 9 percent of all oil consumption. Liquefied petroleum gas (LPG) is seen as a way to improve access to clean cooking among the population, but its use is not widespread. The use of oil products is likely to increase in the future due to the development of oil resources in Uganda and Kenya. A planned refinery in Uganda will supply surrounding countries.
There are only two nuclear power plants in South Africa (Koeberg 1 and 2), representing a capacity of 1.83 gigawatt (GW). The first reactor began operating in 1984, representing 2 percent of South Africa's primary energy demand. Previous electricity plans have considered additional nuclear capacity of 9.6 GW, while the latest integrated energy plan, published in 2016, considers expanding capacity to between 26 and 45 GW by 2050 (South Africa Department of Energy 2016). However, it does acknowledge the increasing difficulties of building and financing nuclear since 2011.
Only Mozambique, Tanzania and South Africa use natural gas; it represents 6 percent, 3 percent and 3 percent of their respective energy mixes. The power generation sector in Mozambique and Tanzania uses natural gas, while South Africa's Sasol uses it for gas-to-liquid (GTL) purposes.
Large portions of the population have no access to electricity or modes of clean cooking and heating (IEA 2017) . The largely rural residential sector (cooking and heating) accounts for, on average, 65 percent of total consumption in Eastern Africa, except South Africa. This demand is met by biomass. Residential demand represents the bulk of the 'other' sector (green bars in Figure 3 ) which also includes agriculture, commerce and other small nonindustrial users. More than 40 percent of South Africa's energy demand comes from the power generation sector (transformation). By contrast, the industrial sector represents 2 percent of total energy demand in Burundi and 17 percent in Mozambique. The high share of industrial demand in Mozambique is due to facilities such as the Mozal aluminum factory. There is a lot of mining and quarrying in the region (e.g., in South Africa, Malawi and Tanzania), and agricultural activities (tea plantations and agro-processing). Unfortunately, the U.N. does not separate their data on industrial demand into specific industries, making it difficult to track industrial developments.
With the alarmingly high usage of biomass by households, it will take a long time for modern fuels to displace its current usage. The International Energy Agency's (IEA) World Energy Outlook predicts that population growth in sub-Saharan Africa (SSA) will offset the pollution reduction achieved by shifting away from biomass and other polluting household fuels (IEA 2017) . Penetration of modern and cleaner fuels such as LPG is an obvious way of moving up the energy ladder, but high costs, access to modern appliances, and problems in the supply chain such as a lack of LPG import terminals, pipelines and paved roads make it difficult for households to switch. Clean cookstoves are an affordable and practical solution: they use biomass efficiently and curb indoor pollution, but their deployment has been slow (Oxfam 2017) . Their slow deployment is partly due to more policy attention being focused on electrification than clean cooking.
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A power mix dominated by hydro and coal
Total gross electricity consumption in Eastern Africa amounted to 302 terawatt hours (TWh) in 2015, less than Italy's consumption. Of that total, South Africa consumes 250 TWh, leaving 52 TWh to the eight remaining countries (United Nations 2017). To put things in perspective, in 2015 these eight countries, with a total population of 309 million, consumed less electricity than Greece did with its population of less than 11 million. The share of the industrial sector in the final power consumption (manufacturing, construction and non-fuel industry) of Burundi, Ethiopia, Malawi, Rwanda and Tanzania is lower than 50 percent and stands below 2.9 TWh in each country. Only South Africa and Mozambique have an industrial consumption above 10 TWh, with South Africa's industrial consumption more diversified. In Mozambique, industrial demand accounts for 80 percent of total power consumption (United Nations 2017). Industry is not the only indicator and driver of economic development: Ethiopia, Kenya and Tanzania also have a relatively high level of consumption in the commercial and public services. of hydropower as shown in Figure 4 . Combustible fuels are increasingly being used. They include natural gas from domestic gas fields such as Songo-Songo and Mnazi Bay in Tanzania, and Pande and Temane in Mozambique, and are also generated from oil products (at times imported) which tend to be costly and more polluting.
Geothermal is mostly present in Kenya. Solar and wind are rarely used, despite being significant resources (2.2 and 3.1 TWh respectively). In South Africa, coal was the major source of electricity generation in 2015, accounting for 92 percent of the power mix (IEA 2017).
The high dependency on hydropower presents two problems: large hydro projects have a significant environmental impact and sometimes lead to the resettlement of the population. Secondly, it makes the power system vulnerable to droughts which can rapidly reduce the amount of electricity available. In 2015, Tanzania suffered from severe droughts, leading to the closure of some of its hydro facilities and reducing its hydro generating capacity from 561 megawatts (MW) to 110 MW (Reuters 2015) . This pushed Tanzania to use more fossil fuels, notably gas. Nevertheless, given the hydro potential in the region, many countries are developing hydro projects either individually or multilaterally.
A wealth of energy resources
The region contains a variety of energy resources, with sizable oil and gas reserves only discovered in the past 15 years, and significant coal resources. Tcf in Lake Kivu), and Ethiopia. According to the latest official statistics from the IEA, in 2015 total production was 6.8 billion cubic metres (bcm), all of which was consumed in the region (IEA Natural Gas Information 2017). There are plans to develop these gas resources for liquefied natural gas (LNG) exports and domestic use. Meanwhile, both Uganda and Kenya have discovered significant recoverable oil reserves: 1,092 million barrels in Uganda and 800 million barrels in Kenya. Uganda aims to start production from the Lake Albert discoveries by 2020 and to build a 30,000 barrels per day (bbl/d) refinery to meet its own needs as well as its neighbors'. Currently only Kenya, South Africa and Tanzania have refineries.
Eastern Africa is also a large coal producer thanks to South Africa which holds an estimated 9,893 million tonnes of proven coal reserves and produced around 251 million tonnes in 2016, part of which was exported (BP 2017) . About 80 percent of South Africa's coal demand originates from the power sector (United Nations 2017). Mozambique holds an estimated 20 billion tonnes of coal, most of which is good quality hard coking (metallurgical) coal, largely located in the Tete province, while Tanzania holds 1.9 billion tonnes. There are a few coal-to-power projects in both countries.
The region also has significant renewable potential (see Table 1 ). All countries plan to use renewables to increase power capacity, improve electricity access and expand rural electrification ( There are also significant biomass resources, but their use has to be carefully monitored. In some countries such as Burundi, the massive use of firewood in residential and industrial applications creates deforestation. Projects could use resources such as residues and waste from dedicated plantations, and residual bagasse from the sugarcane crushing process for use in cogeneration plants, as well as municipal waste. There is interest in developing biomass power, biomass co-firing and biogas which could help reduce deforestation. 
Uganda
Potential estimated between 2 and 4.5 GW. 783 MW currently implemented.
Other large-scale sites with a potential 1.5 GW identified. 59 mini sites with a potential of 210 MW. 
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A biogas plant is already operating in Naivasha (Kenya). The plant's anaerobic digester produces biogas, which is used to produce power (Engineering news 2017). Uganda and South Africa's sugar industries already use residues for heat/electricity production. A national biomass atlas is currently being prepared in South Africa to provide better information on biomass potential (Africa EU RECP 2017) .
The abundance of energy resources presents a great opportunity to increase the electrification rates needed to spur economic growth. Until now, most governments in Eastern Africa have found it challenging to utilize many of these resources and turn them into productive investments to accelerate energy access. The next section will establish exactly where these challenges occur and will explore the potential of these resources in both the industrial and transportation sectors.
Current Energy Challenges for Governments and the Society Energy and economic development
The Eastern African countries selected in this study made up about 40 percent of sub-Saharan Africa's real gross domestic product (GDP) in 2016 according to data from the World Bank (2017). South Africa accounts for 67 percent of Eastern Africa's GDP. Its impact on the region's energy picture is significant: it's economy, energy demand, and electricity access dwarf the rest of Eastern Africa.
Except for Burundi and more recently South Africa, the growth of real GDP per capita in Eastern Africa since the beginning of the century has been momentous. Tanzania, Mozambique, Rwanda, and Ethiopia have seen significant annual growth in their GDP per capita, averaging between 4 and 6 percent between 2000 and 2015. Growth in South Africa, Kenya, Malawi, and Uganda has averaged slightly less, at about 2 to 3 percent. Burundi's GDP per capita has seen a minimal growth rate of 1 percent per annum on average over the last 15 years.
Governments in Eastern Africa have focused their attention on economic development and encouraging investment from the private sector, to increase welfare and income per capita. Increasing economic development and improving social welfare is key to alleviating poverty and bringing stability to the region. The economic development goals for each country show a common aim: to reach middle-income status (see Appendix 1). According to the World Bank, a 'middle-income' economy is one that attains gross national income (GNI) of at least $1,045 per capita per year. Figure 5 shows how each country's GNI 
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per capita compared to the World Bank's minimum requirement for middle-income economies. South Africa, which had a GNI of $5,480/capita in 2016, and Kenya are the only countries so far that have attained middle-income status.
But the speed of economic development in Eastern Africa is tied to the development of the energy sector. Energy access is a pre-requisite for any country undergoing socio-economic development and is usually an instrument mentioned in the 'vision' plans to spur economic growth. To achieve the ambitious goal of transitioning from a low-income country to a middle-income one, all sectors of the economy must have access to affordable and reliable energy. Indeed, economic development and electricity consumption are closely linked. The Overseas Development Institute conducted a review of over 40 studies looking at this link. They found that energy use is either the cause or the facilitator of economic growth (CDC Group 2016). Around three-quarters of the studies surveyed showed a positive correlation between energy use and economic growth, while half show a positive and significant causal link between energy use and economic growth. Appendix 1 contains a further assessment of the 'vision' documents for each country and their strategies for overcoming their energy deficits. Some are more detailed than others and are often complemented by energy strategies, rural electrification plans, gas master plans or renewable development strategies which detail the targets more explicitly. Some goals may nevertheless be ambitious and may not be met within the specified time frame.
What is particularly striking for this group of countries is the importance of electrification. While developing the transport and industrial sectors is crucial, all countries have electrification targets.
The pace of growth of electricity infrastructure will depend on external funding, given the massive investments needed. The regulatory framework must be in place to encourage investment, to ensure ease of business for new entrants, a reasonable tariff structure and guaranteed payment collection methods. The power generating capacity needs to be increased, and the existing transmission and distribution lines that are causing many of the electricity shortages in the region need to be rehabilitated and expanded.
Low access to power supplies
Electricity consumption per capita in the region averages to 512 kWh (125 kWh excluding South Africa). This is considered to be very low access. According to the IEA, as many as 233 million inhabitants do not have access to electricity in Eastern Africa (IEA 2017) .
The rural population of Eastern Africa is very high: between 67 to 88 percent in each country (excluding South Africa). Figure 6 shows the relationship between electrification rates and rural population. With a lack of transmission and distribution infrastructure reaching rural dwellings, they have to resort to biomass to fulfill their energy needs. The lack of public and private investment makes the delivery of electricity to the majority of the inhabitants a challenging task. In addition, some of these countries (excluding Burundi and Rwanda) are vast and sparsely populated.
The distances across cities and rural areas have proved a barrier to investment in large conventional forms of energy production (UNEP 2017). The high on-grid distribution costs associated with
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connecting remote households in areas of low population density mean that few of these households will be able to afford grid connection. According to a World Bank study, the cost of the connection in all Eastern African countries except South Africa usually ranges from $76 (Ethiopia) to $197 (Tanzania, urban pre-paid); the cost in South Africa can be $0 for some customers (World Bank 2016). Due to the country's economic power and past policies, 85 percent of South Africa's population has access to electricity. One solution to supply electricity to rural areas is to use off-grid generation or micro-grids. Though this is not a new technology, the rapid fall in upfront costs due to advancements in renewable technology, combined with energyefficient appliances and LED lighting, has made it an attractive investment and has increased its deployment (MIT Technology Review 2016). Kenya, Tanzania, Uganda, and Rwanda have high potential to expand in this area, given the support of public policy and private investment so far (IRENA 2015).
Limited electricity connectivity could be linked to many factors. Countries with the highest levels of poverty tend to have lower access to modern energy services (World Bank 2017). Low-income households are caught in a vicious circle whereby a lack of monetary resources prevents access to modern energy, and not having access to electricity creates fewer opportunities for income generation. Figure 7 shows the progress of electrification rates from 2000 to 2014 where some countries lag more than others. In general, electricity access in Eastern Africa (except South Africa) remains lower than the current 35 percent average in continental subSaharan Africa. Access to electricity is important but not sufficient to alleviate poverty. Access to clean water, health services, good education and a communication network are also necessary factors (WEO 2002) . Access to electricity also needs to trigger employment creation, in services, commercial activities or industries. To achieve 100 percent electrification, an aggressive policy needs to be implemented with the correct institutions and necessary framework. The current growth of access to electricity in Africa is not keeping up with population growth. There is some progress, however, in Kenya, Malawi, Uganda and Rwanda. These countries have all seen an uptick in electricity access since 2012.
Ambitious targets for national electrification or rural electrification have not always been met (see Table  2 ). 
to conduct these projects with local workforces or companies is sometimes insufficient; additional training may be needed. Once projects have been built, it is necessary to have a qualified workforce to operate them (National Planning Commission (Ethiopia) 2016). Kenya's Ministry of Energy blamed community interference, the failure to establish industrial parks, and droughts for hampering the achievement of the electrification targets. Land acquisition and compensation are also some of the biggest challenges to building infrastructure (Kebaso 2017) .
A slow increase in power capacity, as well as high losses within the system, are one of the key factors resulting in low access to electricity supplies.
Lagging development of power capacity
Total power capacity in the region amounted to just over 60 GW as of 2016, including 48 GW in South Africa. Some of the current power infrastructure (at least 22 GW) was put in place during the colonial era (Eastern African countries, excluding Ethiopia, South Africa and Mozambique, gained their independence in the 1960s). Electricity infrastructure, specifically transmission and distribution, was tailored to serve extractive industries and commercial sites. For instance, the Cabora Bassa 2 GW hydropower plant in Mozambique was not intended to be used in Mozambique, but to satisfy South Africa's power needs. As of today, a large part of the electricity produced by this plant (1.3 GW) still goes to South Africa. Moreover, the current infrastructure is also aging and is not suited to handle the growth of the population and the expansion of industrial projects today.
Providing good quality electricity at affordable prices constitutes a major challenge across sub-Saharan countries, and Eastern Africa is no exception. Most of these countries have been run by vertically As Figure 8 shows, in the two decades after most countries in Eastern Africa achieved independence , the increase in new generation capacity has been slow. By contrast, since the year 2000 many countries have seen a significant increase in power plant capacities. Importantly, in the past 15 years there has been a higher participation of independent power producers (IPPs). Between 2001 and 2010, as well as 2011 to 2016, almost 25 percent of the power projects that came online were commissioned by an IPP. Such investments were concentrated in Kenya, Rwanda, Tanzania, and Uganda, according to the IHS EDIN database.
As Figure 9 shows, South Africa has not seen a significant uptick in additional capacity compared to previous years. This underinvestment in new power generation and reliance on old power plants has led to blackouts and hampered its economy (WEF 2015) . In 2017, however, the South African public electricity utility, Eskom, announced a daily excess capacity of 4,000 MW and is now exporting to 1981-1990 1991-2000 2001-2010 2011-2016 neighboring countries. But experts suggest that this is the result of a drop in demand, and companies have started to take action by being more energy efficient to counter power shortages (Financial Times 2017).
Quality and reliability of the power service
Even customers who have access to power are plagued by power outages as cash-strapped utilities struggle to maintain a steady, reliable supply because of a lack of investment in their aging infrastructure. The large distances between generation and consumption and a lack of transmission line capacity present a major challenge for the electrification of new regions. Many of the regions within Eastern Africa suffer from running blackouts due to underinvestment in infrastructure and a lack of maintenance of existing assets such as distribution lines, transformers and conductors. As shown in Figures 8 and 9 , many of the existing power plants built before the 1980s are aging, and may not be sufficient to meet today's growing needs, given the region's substantial population growth and increased industrialization. The network has expanded to meet electrification targets, but as the power capacity remains the same, the quality of supplies and the voltage have diminished for all connected consumers. In Kibera for instance, Kenya's largest slum, it is normal for blackouts 
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to sometimes last weeks. Kibera is connected to only five transformers, which roughly equates to one transformer for every 20,000 people. In greater Nairobi, the ratio is about one transformer per 1,000 people (Next City 2013).
Some countries did little to renovate and expand the generation, transmission and distribution lines to cope with the demand. In Malawi, for instance, "over 50 percent of the power generation plants have passed their expected lifespans and hence require frequent maintenance in order to improve on efficiency of the machines." (Taulo, Gondwe and Sebitosi 2015) Besides the aging generation plants, the transmission and distribution networks fall into the same pattern. Aging transmission and distribution infrastructure causes high transmission and distribution losses and makes the power system highly vulnerable. The average age of the transmission infrastructure is around 30 years. The system also experiences termite attacks and rotting wood structures. Other problems include bushfires burning the wooden poles, and even vandalism on both wood and steel tower structures (Taulo,
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Gondwe and Sebitosi 2015). Across the region, utilities are suffering from insufficient revenue collection, preventing them from recovering their costs and threatening their finances and future investments Africa 2014) . Table 4 highlights the difference between cash collected and the costs of supplying electricity. Uganda is the only country to have been able to cover the costs of supplying electricity, even though it also reported heavy losses due to electricity theft. All companies face serious challenges in making further investments, due to low revenues that do not cover all costs involved in electricity generation, transmission and distribution. This means that many countries cannot cover both operational costs and investment. It is likely -looking at the level of some commercial losses compared to capital expenditure and operational expenditure (OPEX) - 
that some countries are not even covering OPEX, requiring different degrees of subsidization. Given that electricity tariffs are high in some Eastern African countries and that revenues are low, further tariff increases are likely to be difficult. In other countries, limited but frequent tariff increases may find wider acceptance, as long as electricity access is reliable. Governments' political agendas hamper the real tariffs that would safeguard companies' profitability and guarantee a good and reliable service. Since the companies are government owned, they cannot decide on the level of tariffs independently. As the revenues collected are so low, companies need support from governments to pay for the running costs and further investment.
While some elements of the tariffs are outside the utilities' control, many components can be optimized or improved with increased utility efficiency (The World Bank 2009). Billing and payment collections constitute the major challenge for all electricity companies. The notion that 'public services are for free' have deep roots in some countries. In South Africa, after decades of energy deprivation during apartheid, the African National Congress (ANC) decided to give 50 kWh/month for free to its citizens (Makonese, Kimemia and Annegarn 2006) . However, citizens now use more than that while still not paying. This expectation of free electricity has started to burden Eskom with more than R3.6 billion ($327 million) of unpaid electricity bills ).
Another issue comes from how revenues are collected. Staff go from door to door to collect payments from households and have very little means of transportation and communication. The scale of illegal household connections constitutes another hurdle for the companies to overcome to collect the correct revenues.
Pre-paid meters (discussed later) have been a successful solution for utilities to recover some costs and for consumers to manage consumption. But non-technical issues are hampering profitability and the drive for electrification.
Transport sector growth faces hurdles
While access to electricity is a priority for many governments, transport (and infrastructure development in general) is a significant challenge; one that goes beyond the energy sector. Africa's road infrastructure is underdeveloped. Under 20 percent of roads are currently paved, and many are in poor condition due to a lack of maintenance (AfDB 2011). For example, Kenya's road network covers around 161,000 km, but only 14,000 km is paved (Business Sweden in Nairobi 2017). Public and non-motorized transport (walking) are the most widely used modes of transport in Africa, notably in cities. Poor infrastructure is an obstacle in many Eastern African countries, except South Africa, and its negative economic implications include increasing the price of goods. For example, expenditure on transport in Kenya averages 45 percent of the total cost of goods, making commodities produced in the region uncompetitive (Business Sweden in Nairobi 2017). Similarly, the reduction of Malawi's high transport costs is one of the key objectives of its transport policy.
Transport represents about 10 percent of the region's total energy consumption, with South Africa accounting for almost 70 percent of this. Most of the energy used in transport is imported oil products (gasoline and diesel). South Africa uses some electricity and Mozambique uses tiny amounts of gas. The bulk of the consumption appears to be in road transport. Only South 
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Encouraging fuel efficiency in transportation by, for example, promoting fuel-efficient vehicle fleets in Ethiopia, Kenya and Tanzania.
The number of registered vehicles in the region remains low (see Table 5 ). The United States, by contrast, has almost 850 vehicles per 1000 people. There is the potential for the number of vehicles to increase, notably for public transportation in the cities.
Very few detailed forecasts exist for fuel demand from transport for each country. South Africa's Department of Energy has analyzed the potential evolution of fuel demand in the transport sector between 2015 and 2050 (South Africa DoE 2016). In South Africa, the dominant fuel for transportation is currently petrol (gasoline), capturing about 52 percent share in the transport sector. This is followed by diesel (36 percent), jet fuel (10 percent), and electricity (2 percent), mainly used in rail transport (South Africa DoE 2016). The Department of Energy predicts that petrol and diesel vehicles will continue to capture the largest share of the transportation sector, but degrees of consumption will vary given efficiency gains in passenger vehicles and according to the different scenarios of the government's environmental policies. Meanwhile, electric vehicles will account for about a one percent share in the private passenger fleet after 2040.
Industrial sector potential with scaling up energy access
Many economies of the region continue to be largely agricultural and foresee this sector remaining a key contributor to their economies. Meanwhile, they also see industry playing a key role as economies transition toward middle-income status and have developed national industry policies which highlight the specific subsectors they wish to develop. Many subsectors are related to the agro-industry and mineral sectors, due to the important role of
Country Number of registered vehicles Year Number of vehicles per 1000 inhabitants
Burundi n/a n/a n/a 
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Identifying the Roadblocks for Energy Access: A Case Study for Eastern Africa's Gas agriculture and the mineral resources present in the region. Natural gas discoveries have also opened up possibilities for GTL, fertilizer production and methanol (see Table 6 ). These developments create additional energy demand and, as such, industry needs are often considered in energy policy. For example, Rwanda's ambitious plans to grow various industrial sectors, seen in Table 7 , will call for higher power capacity requirements to support these industrial activities.
Energy use in the industrial sector represents about 14 percent of the total consumption in the region.
South Africa represents an overwhelming 75 percent of the region's energy use in this sector, while the sector accounts for 17 percent of its total energy use. The share of energy use in the industrial sector within Eastern Africa varies between 2 percent (Burundi) and 18 percent (South Africa) -see Figure 3 for country details. In Eastern Africa, energy used in industry consists of electricity (32 percent), coal (29 percent), and biomass (23 percent), with little use of oil products (10 percent) and gas (5 percent). Taking out South Africa, the mix is largely dominated by biomass (57 percent) followed by electricity and oil (17 and 16 percent respectively) (United Nations Country Industrial sector priorities Burundi Nickel mines, tea production.
Ethiopia
Agro-processing industries, textile and garment, leather and leather products industries, sugar and related industry, chemical industries, pharmaceutical industries, metal and engineering industries.
Kenya
Agro-processing, textile and clothing, leather and leather products, iron and steel, machine tools and spares, agro-machinery and pharmaceuticals.
Malawi
Oilseeds products; sugarcane and sugarcane products; and manufacturing sector which includes subsectors like beverages, agro-processing, plastics and packaging, and assembly.
Mozambique GTL, fertilizer.
Rwanda
Mining, special economic zones, tea factories and irrigation.
South Africa
Mining and quarrying, chemicals, iron and steel, non-ferrous metals, construction, non-metallic, minerals, pulp and paper, food and tobacco.
Tanzania
Fertilizer and chemicals industry, agro-processing (edible oil, cashew nuts, fruits, milk and dairy products), textile industry subsector, leather and leather goods industry, light industry manufacturing, and iron and steel industry.
Uganda
Phosphate industry in Tororo, limestone in Karamoja, iron ore industry in Muko, Kabale mining industry. 2017). U.N. statistics are often imprecise regarding which industrial subsectors consume energy, but sectors mentioned include non-metallic minerals, non-ferrous metals, food and tobacco, iron and steel, mining and quarrying.
A few themes stand out among the different energy strategies in the region:
The need to improve the efficiency of machinery and processes.
The need to provide adequate energy for industrial zones.
The reliability, pricing, distribution and efficiency of energy supplies (power or oil products).
Countries with identified gas resources have already developed some potential scenarios for industrialization including GTL, fertilizer, methanol, and dimethyl ether. I/014 2000) . Others have a national energy strategy complemented by a series of legislative acts covering different sectors such as electricity, and petroleum. For example, Kenya's National Energy and Petroleum Policy are complemented by a number of bills and regulations on petroleum -such as the Petroleum (Exploration, Development and Production) Bill (2015) -as well as plans for the electricity sector (Last Mile Connectivity Project, Least Cost Power Development Plan). Electricity is a major part of Eastern African energy strategies, including transforming and unbundling the electricity sector to allow private players to participate. However, these energy strategies do not focus solely on the electricity sector. Countries endowed with oil and gas resources have developed plans on how to best use these resources to benefit their economies.
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Tanzania, Mozambique and South Africa have natural gas master plans, which look at the power, industrial and transport sectors. Strategies for renewable developments are also a major part of the energy strategies.
Improving access to electricity
As mentioned earlier, except for South Africa, improving access to electricity is crucial for all Eastern African countries. South Africa's recent National Energy Act (2008) focuses more on energy security issues, energy efficiency and investments in renewables. Rural electrification plans or legislative acts and funds are present in Ethiopia (Rural Electrification Fund), Kenya, Malawi, Rwanda, Tanzania (Rural Energy Agency) and Uganda. All countries have set electrification targets to meet by a specific year. These electrification targets are usually ambitious and not always reached. for each legal connection -reducing the cost of electricity, using the 'last mile' approach and ensuring electricity was available to households. Consequently, using power legally became less expensive for consumers than the illegal lines (World Bank 2015) . In mid-2016, KPLC reported that 60 percent of Kibera was connected. The ability to increase electrification is not only dependent on financial and resource availability. Implementing innovative policies and a strategic framework can speed up this process.
Adding new capacity
Many Eastern African countries have power capacity targets that are in line with their government's agendas and economic development goals. Tanzania, Ethiopia, Kenya, Uganda and South Africa have detailed the power mix they would like to attain by a specific date, as detailed in Table 9 .
Many countries plan to use their existing resources to increase power capacity (see Appendix 1 for each country's plan and Table 1 Note: Addition of current capacity and new plant capacity may not add exactly to the goal since current capacity date is not aligned with the drafting of the policies.
demand growth goals. Figure 10 shows the electric power capacity currently under construction, indicating that the planned rollout of capacity additions are lagging compared to the timetables set for the targets.
Ethiopia and South Africa have started building large-scale power plants, which should significantly add to their power supply. The other countries have not been as active in building their planned capacity, which might result in them falling short of their targets. Ethiopia is currently expanding its hydroelectric capacity, notably with the construction of the Grand Ethiopian Renaissance Dam, which will house a 6,000 MW power plant, the largest in Africa.
South Africa has started construction on its 4,800 MW Kusile coal power plant, which will be the fourth largest coal power plant in the world. Uganda has one of the most ambitious power capacity addition plans, with a target of almost 42 GW by 2040, starting from a low base of just over 1 GW. 
Prepaid electricity: A solution for utilities' profitability
Prepaid electricity has proven to be economically and technically the best solution to electricity billing and revenue collection and to counter unpaid bills. Similar to the coin gas meters in the United Kingdom before World War II, prepaid electricity allows customers to budget for their electricity use on a pay-as-you-go basis. This was made easier after the 1980s with the introduction of electronic pre-paid metering, making recharging easier and providing an instant reconnection. Prepaid metering also eliminates the high connection fees charged by utilities.
All state-owned electricity companies in Eastern Africa have set ambitious goals phasing in prepaid meters, and some, such as Ethiopia, have gone as far as planning to replace all existing postpaid meters and even shifting to smart meters (Capital 2012 
Conclusions E
astern Africa is abundant in natural resources that have the potential to improve energy accessibility to its population and provide a pathway toward higher economic and social development. Eastern Africa's low energy access stems mainly from inefficient fiscal frameworks for energy resource extraction and the inability of national public entities to move forward with their plans. There is also a negative correlation between rural populations and access rates. Given the high rural population of these countries, except for South Africa, more policy attention has to be directed towards providing energy access to rural populations.
Access to electricity is at the forefront of energy access challenges. While governments of the nine countries studied have targets in place to increase electrification rates, various factors ranging from a lack of finance, inadequate tariff rates, insufficient payment collection methods and electricity theft have hindered the rollout of these plans. Policy attention aimed at revamping tariff structures is of the utmost importance, as most state utilities are operating at a commercial loss while IPPs need a proper business environment as well as holistic policy measures to enforce laws and regulations regarding payments. A happy medium needs to be struck between offering affordable electricity tariffs to consumers and profits for state utilities or IPPs, to generate a positive cycle of investment that results in the improvement and expansion of electricity networks. Providing prepaid electricity meters improves revenues for utilities and is a milestone in electricity provision to residential users. Eastern African governments are committed to the widespread installation of these meters in their respective countries.
Eastern Africa does have the potential to increase the use of modern renewables such as solar and wind. As technology costs decline and off-grid solutions compliment on-grid expansions, the advantages of renewable energy in the region are apparent. Many countries in Eastern Africa have already taken major steps toward decentralized energy using renewable energy. The IEA is optimistic about the prospects of parts of the Eastern Africa region (the IEA's definition of Eastern Africa in the World Energy Outlook differs from this report but includes Burundi, Ethiopia, Kenya, Rwanda, and Uganda). It projects Eastern Africa to have one of the fastest growth in electrification levels in SSA, driven particularly by Kenya and Ethiopia as a result of government initiatives, private-public partnerships and international support (IEA 2017).
While increasing electricity access to residential households can benefit human welfare in the region, improvements in economic growth and development hinges on energy access for the industrial sector. Eastern African industrial development priorities range from agro-processing to mining and petrochemicals. Most of these industrial development options can lead to the expansion of the manufacturing base, increased employment, and increased investment and income generation throughout the value chain. Thus, Eastern African governments need to link industrial policies with energy access policies to spur economic growth and get the largest multiplier effect. The challenges in the transport sector lie with inadequate infrastructure. Some countries in Eastern Africa have plans to increase their modes of transport, including mass transportation. The growing population and urbanization rates call for development policies that would improve the quality of roads and expand infrastructure to meet the growing need. Electricity supply industry reform strategy and roadmap 2014-2025.
• Increase installed capacity of power generation to at least 10,000 MW.
• Expand hydro and natural gas capacity.
• Add coal, wind, solar and geothermal.
• Expand transmission and distribution systems.
Mozambique
Agenda 2025
To propel Mozambique into middleincome status by 2025.
• 50 percent of the population connected to the grid by 2023.
• Expansion of the national power grid.
• Develop domestic use of natural gas.
• Reduce consumption of firewood and liquid fuels (kerosene).
Ethiopia
Vision 2025
Transitioning from a developing to a middle-income country by 2025. Using three medium-term Growth and Transformation Plans (GTP): GTP I, GTP II, GTP III.
• GTP II aims to connect 7 million customers to electricity by 2020.
• Expand hydropower projects and grid expansion.
• GTP II (2016-2020) priority to increase power capacity to 17,347 MW from the current 2,421 MW.
• Do not intend to build any fossil fuel based power plant. Mostly will come from geothermal, wind and solar.
Uganda
Vision 2040
To become an upper-middle-class country by 2040. The goal is to reach per capita income of $9,500. Decrease population living under the poverty line to 5 percent from 24.5 percent in 2010.
• Increase electricity access to 80 percent of the population by 2040.
• Increase capacity to 41,738 MW of capacity to drive industrialization via expansion of power capacity including hydro, geothermal, nuclear, solar, biomass, peat and thermal plants.
• Develop oil and gas sector.
• Encourage use of LPG. Build gas pipelines from neighboring countries to import LPG.
Appendix 1 • Raising electricity access to 70 percent by 2017 and universal access by 2020.
• Increase capacity to 5,538 MW by the end of 2017, including a diesel plant, as well as hydro, geothermal, wind, coal and natural gas.
• Construction of Ethiopia's power interconnectivity line to source cheaper hydropower.
• Complete geothermal energy projects.
Malawi
Vision 2020
Equal opportunities for all Malawians and to become a middle-income economy.
• Reduce consumption of fuelwood in the long term.
• Move to coal, biogas and solar.
Burundi
Vision 2025
Increase GDP per capita to $720, reduce the poverty rate by half, and achieve a higher standard of living.
• Increase rural and urban electrification rate (25 percent by 2020).
• Big focus on hydro.
• Make 'wood-energy' more sustainable.
• Promote solar, biogas, wind and ethanol.
Rwanda
Vision 2020/Vision 2050
To reach upper middle-income by 2030 and high income by 2050.
• Increase electricity access to 75 percent by 2020.
• Reduce dependence on imported petroleum products.
• Invest in hydropower.
• Solar for rural areas.
• Exploit peat and renewable methane gas while reducing the consumption of wood.
South Africa
The Integrated Resource Plan 2010-2030
The official government plan that identifies the preferred generation mix required to meet expected demand growth by 2030.
• Universal access by 2025.
• Increase share of solar and wind, but thermal power such as coal and gas will retain its significant share.
Country
National vision Vision objective Energy goal
Source: KAPSARC.
